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ofxan 8xanulax.d by v.xioua ..an. kn.™ by xhoa. .MU.d in xh. axx. 
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P.„nt »0. n 37 0« .isclo... . process 1, » ex.r.,^". 
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.„^.-c.™i«..S ^ox^ulati... Vhi* are op™ .o.«. = 
designed to prevent dusting. 

X, „ s »o. .,0e,,3eB, th.r. is «..lo... .» .r.™u for».l.«o„ 

i„ vMoh ro., or sp..r« of =„ .«.^= 1» 
,„lf=« and «hyU~ oxido provWod. 

„ S Mt so. 4,016.0M discloses . ..thod for th. pr.par.clo of 
f„.-fX.v.i.. .^.rsnrisn, dus.-fr... .p.crU.1 .,r>™.co«siM.. ...ds 
pxspsrcd «»di^ . P0"^red co„cc.crscc of rh. s.ry. , M„d« .r. 

for. ..d spr.yl.8 dropl-t. of rh. W.nd Crous. > spr.y no.sl. .n-.o 
cool sir to solidify th. droplst. .»d for. th. h..d.. 

1„ , S P.t. «o. ..»2,219. there is clsi..d . proc.ss for the prep.r.tion of 
^^s.co„t.ini»s psrticl.. pr.p.r.d .ixing th. dry .nt:^ ^th . 

hydrophilic orssnic chssl" ""ri'L • '"'"'-^ " * 

„,»l.ti.. »d „ch.nic.ll, divldih. it into particles of th. d..ir.d 

siz. «.d shap. .hich are then coated vith a ..t.r repellent .at.rr.1. 

*„o*er type of ^.nular anty.. for«lation is dascrihcd in ..S. Pat. Ko. 
..009.076. This f.r.»latlon is pr.par.d by .Ixin^ th. dry .»ay.e »lth a 
solid nonviahl. suhstance and optionally a cohesive organic .at.rlel as 
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binder to forn. an ewymatically active core. An enzyme slurry containing the 
cohesive organic material can be sprayed onto, for example, sodium 
tripolyphosphate in a mixer or an enzyme povder can be mixed with the sodiun-, 
tripolyphosphate and the cohesive organic material sprayed onto it with 
subsequent extrusion through a die. "The enzyme- containing granule is sprayed 
with an aqueous solution containing a plasticized organic resin, then dried. 

A process is describe in GDR Pat. 0 151 598 in which sodium tripolyphosphate 
is sprayed with an aqueous fermentation broth and agglomerated in a cyclone 
apparatus. The agglomerates are removed from the cyclone apparatus while 
still wet and placed in a mechanical blender with a drying detergent 
formulation and intensively mixed. 

In British Pat. Ko. 1.483.591. there is described a process for coating water 
soluble or water dispersible particles, including enzyme particles, using a 
fluidized-bed reactor. This reference involves a dust-free coating technique 
for enz^-me particles which have been granulated by other processes such as 
prilling or spheronizing. 

In U.S. Patent A. 689, 297 there is described a method for preparing dust-free 
enzyme involving dissolving or suspending dry enzyme in solution to make a 
slurry of at least 30% w/w of the solids enzymes, spraying it on a hydratable 
core and then coating it with macromolecular material. 

Fermentation broths often contain substantially less enzyme solids than 
required in the above patent necessitating substantial concentration of the 
solution -ir preparing a dry product first. Starting from a dry enzyme still 
has the problems of dermatologle reactions for the handler. 
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«„ccly fro. £.x..»t.tio. bro* vl*.ut having to p.o.oc. . .r, ,.^y^ ^ 
pto^t lU.t or >...1.5 to provide Mjh con=.«r.ti.~ (^"t,r th„ »V> o, 

enzymes in solution. 

gii^ jn/irv of T^^^^^^Q^ 

.«prl.i..ly beon discover., that . dr, dust-fr.. P"tUU c„ 

produced from fer».«.tlon broth by the foUovins .etbod: 

Introducing . perticulete, hydr.t.b,e core .et.riel Into . fluUi.ed-b.d 
.p„,.oo.ter end ^Int.lnlns th. cor. p.rticl,= .u.p.nded in the re.ction 

chamber ; 

providins a fermentation broth containing fro. about 0.5% to about 25. 
v/w of the total solids therein of a water soluble or dispersible enzy.e 
produced in the fermentation broth. 0.5% - 95.5% w/v of the total solids in 

fermentation broth of fermentation broth solids and a total solids 
content of 10 - A0% v/v of the fermentation broth such that the broth has a 
viscosity of 10 to 5,000 cps at room temperature; and 

c) spraying the broth onto the core and evaporating the liquid to leave the 
solids coated on the core; and optionally the additional step of: 

d) spraying a coating agent over the product of step (c) and evaporating the 
liquid to leave the coating agent over the solids of (c) such that the total 
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solids added to the core provides a total dry veight gain of 23 to 210. over 
t:he initial weight of the core. Also included vithin the scope of the 
ix^e^tion are the enzyoe- containing particles prepared by this process. 

p^c^rlT^tlnn of thf TnvgDtiPT^ 

The »ethod of the present invention is carried out in a fluidized-bed 
spray.coater. Typically, such devices comprise a fluidized-bed dryer 
■ consisting of a circular product chamber that has a porous grid on the bocto. 
and is open on the top to be put up against a conical shaped expansion 
chamber of a larger diameter than the circular product chamber; a filter to 
collect dust and help air flow is placed at the far end of the expansion 
chamber and a spray nozzle is located within the chamber to apply the 
solution to the core. In operation, as the velocity of air passing up 
through the chamber is increased, a point is reached where particles resting 
on the porous grid are suspended in the air flow as a fluid, hence the tern>s 
"fluidization" and "fluidized-bed dryer". The particles are lifted by the 
upward force of the air out of the product chamber into the expansion chamber 
where the air expands and the upward force per unit of area is reduced. This 
allows the particles to fall back into the product chamber and start the 
cycle over. 

The initial step in the method involves introducing a particulate, hydratable 
core material into the reaction chamber of the fluidized-bed dryer and 
suspending the particles therein on a stream of air. The core particles 
preferably are composed of a highly hydratable material, i.e. a material 
vhich is readily dispersible or soluble in water. The core material should 
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either disperse (fall apart by failure to maintain its integrity) or dissolve 
by going into a true solution. Clays (bentonite. kaolin), non-pareils and 
agglomerated potato starch are considered dispersible. Non-pareils are 
spherical particles consisting of a solid core that has been rounded into a ^ 
spherical shape by binding layers of powder to the core in a rotating 
spherical container and are preferred. 

salt particles (NaCl crystals. NaCl rock salt. NaHC03) are considered 
• soluble. More particularly, core particles can be non-pareils with or 
vithout a final coat of dextrin or a confectionery gla.e. Also suitable are 
agglomerated trisodiu. citrate, pan crystallized NaCl flakes, bentonite 
granules and prills. bentoniteAaolin/diatomaceous earth disk-pelletized 
granules and sodium citrate crystals. The core particle is of a material 
which is not dissolved during the subsequent spraying process and is 
preferably of a particle size from 150 to 2.000 microns (100 mesh ro 10 mesh 
on the U.S. Standard Sieve Series) in its longest dimension. 

By fermentation broth is meant the liquid in which the enzyme is produced by 
fermentation in a microorganism. The broth may be modified by deleting or 
adding material, e.g.. filtration of cell solids or addition of binders, 
salts, pigments, binders, plasticizers and fragrances, however, it still 
contains the enzyme. It also may be concentrated by removal of a portion of 
the liquid material. 

Enzymes suitable for use in this method are those which are soluble or 
dispersible in the fermentation broth they are produced in and from which the 
volatile components of the fermentation broth can be removed to leave a 
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residual layer of enzyme on the surface of the core material. Suitable 
enzymes include, for example, proteases (bacterial, fungal, acid, neutral or 
alkaline) . amylases (alpha and beta) and lipases preferred enzymes include 
subtilisins and cellulases which have not been separated from their 
fermentation broth. The enzyme is present in the broth at from about 0.51 to 
about 25% w/w of total solids, and fermentation broth solids range from about 
0.3% to about 95.5% v/w of total solids in the fermentation broth, with any 
remaining solids comprising added metallic salts, pigments, binders, 
plasticizers and fragrances such that total solids represent 10 A0% v/w of 
the fermentation broth. The broth, including any optional metallic salts, 
pigments, binders, plasticizers or fragrances, must have a viscosity lov 
enough (typically 10 to 5,000 cps at room temperature) to be pumped and 
atomized for effective spray- coating. The broth solids and enzymes are 
applied to the surface of the core material by fluidizing the core particles 
in a flow of air whereupon a broth containing the enzyme and other solids is 
then atomized and sprayed into the expansion chamber of the spray-coater . 
The atomized droplets contact the surface of the core particles leaving a 
film of the solids adhering to the surface of the particles when the water 
and other volatiles are evaporated. 

Airflow is maintained upwards and out the top of the expansion chamber 
through a filter. The filter may be located inside or outside of the unit, 
or nay be substituted for by a scrubber or cyclone. This filter traps fine 
dried particles which contribute to dust. Fluidized-bed spray-coaters that 
have this filter typically have automatic shakers which shake the filter to 
prevent excessive restriction of the air flow. In a preferred embodiment, 
the shaker unit is turned off during the last 5 minuces of operations, thus 
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pr.f.rx.. .....i»«t. fiUe, i. located oucsid. unit or 

.«b,tUut.d bj . scnibter or cyolono. ^ 

..cov.rl.8 f er..«..ion broth .nr^.s . th. bro* b. cr..t.d m 
,„io«. ..ys to .chlev. d.slred rosult.. Tor .™>.l.. ch. broth .ay b. 
nltared to r»ov. coll. .nd o.H d«»rU or to r..ova „i.r.orMni.« to yl.ld 
. .taril. product. Ih. broth bo chcntr.t.d to .chiov. th. de.lrad 
„t.l .olid. con=.>,tr.tto„ of 10 ■ »/» of th. broth, Purth.r, 
.„tio.ed .bo... salt. .tabUU.r.. .to. can alao b. add.d d..ir.d. It 
furthor a pr.f.rr.d ..bodi..« of th. i-.ntlo. th.t th. w-l^ht Mi« of th. 
„Xfds 1. th. broth applUd to th. cor. over th. Initial dr>- w.i.ht of th. 
cor. i. 8r..t.r than 35, »P to .bo»t 185» v/v. In anoth.r pr.f.rr.d 
e.bodi..nt th. ..I8ht Ml" i» 5""" 

Handllns th. .nzy.. in li,oid tor, in th. f.r..nt.tlon broth has th. 
adv»,tas. of lo-.rins th. pos.ibility of dora^tologio contact d„. to du.trns 
and prodnca a product »hich la dus.-fr.. and a,ini»iz.. lo.a.a du. to an, 

extra srep of drying. 

Vhen sufficient enzyme is applied to the core particles to provide the 
.esired ex.y.e activity, the enzyme coated particles, vhile still suspended 
in the reaction chaM.er of the coater or later reintroduced therein, are 
coated with a layer of a water soluble or vater dispersible coating agent. 
This is accomplished in a manner similar to that used for application of the 
enzyme/solids coating. Suitable coating agents include, for example, fatty 
acid esters, gum arabic and other natural gums, alkoxylated alcohols. 
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polyvinyl alcohols, ethoxylated alkylphenols and more specifically, 
polyethylene glycols (MW 300 to B.OOO). linear alcohol alkoxylates (hTu 1.A50 
to 2,670). polyvinyl pyrrolidone (MW 26.000 to 33,000). cellulose acetate 
phthalate (CAP) . polyvinyl acetate phthalate (PVAP) . polymeric nonylphenyl 
ethoxylatcs (KW 1.975 to A, 315) dinonylphenyl ethoxylate (average MW 6.900) 
hydroxypropylmethyl cellulose and other modified celluloses. Other coating 
agents include sugars, starches, titanium dioxide, and other binders or 
pigments. The net result of the process is to provide an enzyme coated core 
particle having a layer of the coating agent on its surface to provide the 
desired dust-free enzyme -containing particle. The total weight gain of 
solids versus the initial core is from about 25% to about 210% preferably 
from about 50 to about 100% most preferably from about 55 to about 75%. 

The dust-free enzj-me particles of the present invention can be used wherever 
enzymes are needed in a dry system. Thus, they can be used as additives to 
dry detergent formulations, for removing gelatin coatings or photographic 
films to aid in silver recovery, in the digestion of vastes from food 
processing plants for nitrogen recovery, iii denture cleansers for removing 
protein bound stains in food preparation and as a processing aid in vaste 
vater treatment. 

The following examples are representative and not intended to be limiting. 
One skilled in the art could choose other enzymes, broths, cores and costing 
agents based on the proportions of ingredients taught herein. 
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Pv».nle 1 - Fluidized-Bed Spray Coating of Alkaline Protease ( subtil is in) . 

884 grans of non-pareil seeds (cores). -20/+40 nesh. were placed into a 
Uni-Glatt laboratory fluidized-bed spray-coater . fluidized and heated to 
US'C to reduce stickiness. 1910 ml of an aqueous concentrated fermentation 
broth of subtilisin vith 19.2% w/w total dry solids as a percentage of the 
fermentation broth and 10.4% w/w dry enzyme solids as a percent of total 
solids was pumped into the fluidized-bed through a 1.2 mm nozzle at an 
average rate of 13.7 al/min. A total of 339 grar^s of fermentation solids 
vere added to the initial charge weight (38.3% w/w). After sieving to 
achieve a -16/+40 cut. 1147 grams at 3.1% w/w enzyme were recovered froir. the 
Uni-Glatt. representing a 92.4% enzyme recovery. 

The enzyme-coated granules were then charged into the Uni-Glatt, fluidized 
and heated to 44'C. A coating solution consisting of 248 g of water. 135 g 
PEG 8000. (30% w/w) and 68 g TiOj (15% w/w). After sieving to achieve a 
-16/+40 cut, 1300 g of dust-free granules containing 2.5% w/w enzyme were 
retrieved. 

Adjusting for losses in sieving, the coated granules had a net weight gain o: 
59.8% over the original charge of cores. The actual net recovery of active 
enzyme was 85.6%. 
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The operating conditions in the Uni-Glatt were as follows: 



Spray Mode: 
Nozzle diameter: 
Atomization Air Pressure: 
Ventilator Air Flap Position: 
Inlet Air Temperature Setting: 
Outlet Air Temperature Range: 
Filter Shaking Interval; 
Filter Shaking Duration: 



Top spray 
1.2 mm. 
2.5 Bar 
25- 35' 
A5 - 50*C 
43 • A9'C 

2 minutes, off during last 5 minutes 
7 seconds 



Exaniple 2 - Lab Scale Fluidized-Bed Spray-Coating of Alkaline Protease 



A second batch of granulated alkaline protease was made by the same procedure 
as that described in Example 1. The key process parameters were as follows: 



Initial weight of cores - 9A0 grams 

Total Feed Solids - 16.0% w/v 

Enzyme Percent of Feed Solids - 10.6% 

Weight Gain From Broth 38,3% 

Weight Gain From Coating - 15.4% 

Total Weight Gain - 61,2% 

Ket Enzyme Recovered - 80.0% 



Example 3 - 3-ab Scale Spray- Coating From High Solids Protease Broth 

A 563 gram quantity of non-pareil seeds (cores), -20/+40 mesh, was added to 
the Uni-Glatt. A 4100 ml protease fermentation broth concentrate with 23.6% 
total solids and 1.17% enzyme solids (i.e. enzyme was 4.96% of total solids) 
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vas sprayed onto the cores, resulting in 1A90 grams, or an addition of 927 g 
in weight (165% weight gain) to the cores after sieving to -20/-.40 mesh. To 
1116 grains of these enzyme-coated cores, a coating solution of 131 grams PEG 
8000 (MW 8000). 66 grams TiOj. and 241 grams water was sprayed on. The ? 
final product, 1303 grams in weight." had a 79% recovery with a 209% net 
weight gain. 

fjjajEEle A. Lab Scale Spray Coating of Alkaline Protease. 

In a Uni-Glatt fluidized-bed spray-coater . 853 grams of^ salt-core non-pareils 
were fluidlzed and heated to WC. A 555 ml ultrafiltration concentrate 
containing 18.6% w/w total solids and 4.31 % w/w enzyme solids (i.e.. 23.2% 
of solids were enzyme) was sprayed onto the cores, resulting in 961 grams of 
product (a 12.7% increase in mass). This material was har^'ested and 
screened, samples were removed, and 744 grams were recharged into the clean 
coater. The granules were coated with an aqueous solution of 30% v/w PEG 
8000 an 15% Ti02. resulting in 675 grams of product (a 17.6% overcoat). 
The total increase in weight of the cores was 32.5%. 

Example 5. Lab Scale Fluidized-Bed Spray Coating of Fungal Cellulase 

In a TJni-Glatt spray-coater. 1000 grams of -20/+40^saltycore non-pareils were 
fluidized and heated to 40*C. 550 ml of cellulase concentrate with 24.5% w/v 
solids. 10.9% w/w enzyme solids (44.5% of total) was sprayed on at 10 ml/min. 
resulting in 1140 grams product, a 14.0% w/w increase over the initial 
cores. Ho coating was added. 

IsaaSElfi Scale Fluidized-Bed Spray- Coating of Bacterial Lipase 
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In £ Uni-Glatt spray-coater , 605 grams of -20/+A0 non-pareils were fluidized 
and heated to AO'C. A60 ml of lipase concentrate with 26.2% w/w solids, 
2.26% v/w enzyme solids (8.6% of total) was sprayed on at 8 inl/min, resulting 
in 711 grains product, a 17,5% w/w increase over the initial cores. To 586 
grams of this material, a coating of 57.5 g PEG 8000 and 28.8 g Ti02 (in 
105, A g of water) was added, resulting in 632 grains product, a 7.8% increase 
in weight. The net increase in weight was 26.7% w/w. 
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Claims 

1. A process for providing a dry dust- free particle from the 

fermentation broth in which the enzyme was produced, comprising: 

a) introducing a particulate, hydratable core material into a 
fluidized-bed spray-coater and maintaining the core particles 
suspended in the dryer's reaction chamber; 

b) providing a fermentation broth containing from about 0.5% to 
about 25% w/w of the total solids therein of a water soluble or 
dispersible enzyme produced in the fermentation broth; 0,5% - 
99.5% w/w of the total solids in the fermentation broth of 
fermentation broth solids and a total solids content of 10 - 
30% w/w of the fermentation broth such that the broth has a 
viscosity of 10 to 5,000 cps at room temperature; and 

c) spraying the broth[ nto .'the core and evaporating the liquid to 
leave the solids coated on the core . 

2. A small process according to Claim 1 which comprises the further 

step of: 

d) spraying a coating agent over the product of step (c) and 
evaporating the liquid to leave the coating agent over the 
solids of (c) such that the total solids added to the core 
provide a total dry weight gain of from 25% to about 210% over 
the initial weight of the core* 
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3. A process according to Claim 1 wherein the fermentation broth has 
been filtered to remove microorganism cells or cell debris. 

4. A process according to Claim 1 wherein the enzyme is a chymosin. 

5. A process according to Claim 3 wherein the enzyme is a subtilisin. 

6. A process according to Claim 3 wherein the enzyme is a cellulase. 

7. A process according to Claim 3 wherein the enzyme is a lipase, 

fi. A process according to Claim 1 wherein the enzyme is present at 

about 5 - 25% w/w of the total solids in the enzyme broth. 

9. A process according to Claim 1 wherein the weight gain of the total 
solids in the fermentation broth over the weight of the core is 
greater than 35% up to about 185% w/w. 

10. A process according to Claim 1 wherein the total dry weight gain of 
the product in d) is from about 50% to about 210% w/w. 

11. A process according to Claim 1 which comprises utilizing a 
spray-coater with a filter located outside of the spray-coater 
reaction chamber. 

12. A process for producing a dust- free product using a spray-coater 
having an automatic filter shaking device for the filter at the top 
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of the expansion chamber, the improvement comprising turning o 
said automatic shaking device during the last 5 minutes of the 
coating process. 



ft 
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